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;ral nail for fixation of proximal humeral fractures 



Field of the Invention 



This invention relates to apparatus for treatment of bone fractures, and more particularly 
to apparatus for fixation of fractures of the proximal humeral cortex. 



The humerus bone of the upper arm is part of a "ball and socket" joint at the shoulder. 

The proximal end of the humerus has an enlarged head or cortex that includes the "ball." The 

humeral shaft extends distally away from the proximal head toward the elbow joint. 

Proximal humeral fractures are the most common humeral fractures. These are often 
10 found in patients who have fallen on their arms, creating an axial load on the humerus that 

causes a fracture of the humeral head. In a two-part fracture, The head or a single portion of 

the head is broken from the humeral shaft. Three- and four-part fractures involve the fracture 

of the humeral head into two or three fragments separate from the shaft. The nature of these 

fractures is generally predictable, as the head tends to fracture between the ball portion and 
15 one or both tubercles of the head to which ligaments attach. Proximal humeral fractures are 

particularly problematic in elderly, osteoporotic patients, and in those patients having 

cancerous tissue in the region of the fracture. 

Existing treatments for multiple proximal humeral fractures may be unsatisfactory in 

many cases. Conventional techniques for wiring, suturing, or externally fixing fragments to 
20 each other and to the shaft are not entirely suitable for treatment of more complex fractures, 

or when tissues are weakened by disease. In these cases, surgical replacement of the shoulder 

joint may be required. 

To avoid the more drastic measure of joint replacement, the present invention provides 

an elongated tapered nail or rod having an elongated body with a curved tapered shank that 
25 may be secured within a proximal portion of the humeral shaft, with a contiguous butt portion 

of the nail extending proximally from the shank to provide a solid foundation to which the 
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humeral head fragments may be secured. The butt portion has transverse holes oriented at 
selected angles to receive fasteners attached to the fragments. 

The curved tapered shape of the present invention permits it to be inserted into a cavity 
formed by a broach tool having the same shape as the nail, without significant interference or 
5 flexing of the bone or nail during insertion, and without broaching a too-large cavity having 
excessive clearance that would permit a loose fit between nail and bone. Also, the nail has a 
varying taper angle that creates a ridge positioned away from the distal tip, reducing stress 
concentrations on the bone that may occur at the tip of any reinforcing implant. 

Brief Description of the Drawings 
10 Figure 1 is a side view of a preferred embodiment of the invention. 

Figure 2 is a side view of the embodiment of Figure 1. 

Figures 2A-2F are axial cross sectional views taken along the indicated lines in Figure 2. 
Figure 3 is a side view illustrating a partially inserted nail according the embodiment of 
Figure 1. 

15 Figure 4 is a side view illustrating the embodiment of Figure 1 as implanted. 

Detailed Description of a Preferred Embodiment 
Figure 1 shows a humeral rod or nail 10. The nail includes a tapered shank 12 and a 
cylindrical butt 14. The shank includes a curved, conically tapered first section 16 contiguous 
with the butt, a concavely tapered extending portion 18 extending distally from the first 

20 portion 16, and a cylindrical distal portion 20 extending distally from the extending portion. 
The various portions of the nail have various taper angles, while these portions have matched 
diameters at their junctions to create a continuous, step-free surface. The nail has a varying 
circular cross section throughout its length, centered on an axis 22 that has straight portions 
and curved portions, as will be discussed below with respect to Figure 2. 

25 The butt portion 14 has a chamfered end 24 forming the proximal end of the nail 10. In 

the preferred embodiment of the invention, the butt portion 14 is 0.598 inch long, 0.4375 inch 
in diameter, and has no taper. The first tapered section 16 has a length of 3. 10 inches, tapers 
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from the butt diameter to a distal diameter of 0.3 12 inch, with a straight taper angle of 1 . 12 
degrees. The concavely tapered extending portion 18 joins the first section 16 at a crest or 
ridge 28. The extending portion 18 has a length of 1.43 inches, and tapers from 0.312 inch to 
0.218 inch. It has a toroidal, negatively curved surface defined as a surface of revolution of a 
5 circle having a radius of 21.06 inches centered 21.71 inches perpendicularly away from a point 
on the axis 22 at the distal end of the extending portion. The extending portions taper angle 
diminishes from 3.89 degrees to 0 degrees. Consequently, the crest 28 forms a "bulge" with a 
transition angle of 2.77 degrees between the first portion 16 and the extending portion 18. 
The distal portion 20 is a straight cylinder 0.71 inch long, 0.218 inch diameter, with a 

10 hemispherical distal end 30 forming the distal tip or nose of the nail. 

The nail 10 is cannulated to permit it to be inserted over a pre-inserted wire whose 
position has been radiographically confirmed prior to broaching a bone cavity and inserting the 
nail. The nail 10 has an axial bore 32 having a diameter of 0. 125 inch within the butt 14 and 
first section 16, and having a narrowed diameter of 0.093 inch within sections 18 and 20. A 

15 notch34 at the butt end provides a positioning reference to enable a surgeon to determine the 
position of nail features concealed after implanting. A threaded pocket 36 is defined in the 
proximal end 24 to provide attachment to insertion tools and alignment jigs for surgery. 

Figure 2 shows a side view 10 illustrating the curved axis 22 of the nail. The axis is 
straight within portions 14, 18 and 20, and forms a 6.92 degree arc within the first tapered 

20 section 16. The axis occupies a reference plane 40 shown in Figure 1 . The reference plane 
occupies the page in Figure 2. 

Figure 2 further illustrates a plurality of transverse holes, each of which is defined on a 
respective axis intersecting the nail axis 22, and perpendicular to the portion of the nail axis at 
the butt portion 14 of the nail. Each transverse hole is oriented at a selected angle with 

25 respect to the reference plane. Proceeding from the proximal end to the distal end of the nail, 
there are three sets of transverse holes: proximal holes 44a - 44d, intermediate hole 46, and 
distal holes 48a - 48c. The proximal holes are for securing humeral head fragments to the pin; 
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the intermediate and distal holes are for securing the pin to the humeral shaft, as will be 
discussed below. 

Again proceeding from butt to tip, transverse hole 44a is oriented with its axis within 
the reference plane 40 and perpendicular to the nail axis 22; hole 44b is offset 30 degrees 
5 clockwise from the reference plane when viewed from the butt end as shown in Figure 2B, 
hole 44c is perpendicular to the reference plane; and hole 44d is offset 30 degrees counter- 
clockwise from the reference plane when viewed from the butt end as shown in Figure 2D. 
The intermediate hole 46 is oriented perpendicular to the reference plane, and the distal holes 
are oriented within the reference plane and perpendicular to the butt end portion of the nail 

10 axis 22. Each transverse hole passes entirely through the nail, and is chamfered where it 
enters and exits the nail. 

Figure 3 shows the nail 10 partially inserted into a humeral shaft 50. The shaft defines a 
broached bore 52 having substantially the same shape as the shank of the nail. Although the 
bore is illustrated as being defined in a uniform solid material, the bone is actually hollow 

15 through the center of the shaft. Thus, the broaching process does not necessarily disrupt hard 
or solid tissue at the deepest portions of the bore. 

A broaching tool is essentially a rasp having the same profile as the hole it is intended to 
form. In this instance, the broach would have the same shape as the nail 10. A broach is 
axially forced into and out of material without rotation to form a precisely shaped hole. A 

20 broach generally causes less tissue damage than a rotating drill bit or reamer. Broaches are 
also more effective at the difficult task of shaping bone fragments to provide a suitable bore 
when the fragments are assembled; a spinning reamer risks excess tissue damage. 

Broaching is only suitable for certain shapes of holes and objects. Because the nail 10 is 
gently curved over a significant fraction of its length, it is said to largely "pass through its own 

25 envelope." An object with this property may enter a conforming space that leaves no gaps 
after installation, and which does not require distortion or flexing of the object or of the 
medium defining the space. A straight cylinder and a curved, tapered tusk-like element are 
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examples of objects that have this property. Objects with angled bends or small radius curves 
(relative to the object length) do not pass through their own envelope on insertion, and are not 
well suited to insertion into a broached hole. The advantages of insertion are also realized if it 
is necessary to remove an implant without risking fracture of a healed bone. 
5 The preferred embodiment of the invention does not perfectly pass through its own 

envelope, but departs very slightly from such a profile while avoiding tissue disruption 
significantly in excess of that required to form the bore 52. This departure can be quantified 
as an occupation area efficiency equal to the cross sectional area of the inserted object divided 
by the area of the hole, with the areas being taken in the reference plane 40 . Because the 

10 distal portion 20 of the nail 10 is straight, the nail shank has an occupation area efficiency 
slightly less than 1.0, but has strength and functionality advantages that more than offset the 
slight reduction in area efficiency. An area efficiency greater than 0.85 provides acceptable 
results without unacceptable tissue disruption or weakening, and without significantly 
diminishing the surface contact between the nail and bone that provides a secure bond. In the 

15 illustrated embodiment, the rod has an area of 2.03 1 square inches, the envelope or bore 52 
has an area of 2.097 square inches, resulting in an area efficiency of 97%. 

Figure 3 is labeled to indicate the medial direction 56 and the lateral direction 58 with 
respect to the patient's anatomy. The nail 10 is shown in a position in which the distal end 30 
departs most widely from the ideal path. With the shaft aperture 60 essentially occupied by 

20 the nail, and the nail crest 28 pressing against the lateral side of the shaft bore 52, the tip 30 is 
forced to follow a groove 64. This groove 64 has been provided by broaching the bore, and is 
not occupied by the nail it its fully inserted position. As noted above, the hollow nature of the 
bone may mean that the groove is defined through fluid or soft bone tissue. Insertion is 
readily achieved without significantly flexing the bone shaft. Because the cylindrical butt 

25 portion 14 is typically received within broken humeral head fragments, its shape does not 
normally affect insertion efficiency concerns. 
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Figure 4 illustrates the humeral nail 10 as fully implanted in an anterior view of the right 
humerus 68. The humeral head or cortex 70 includes the "ball" or articular surface 72, and 
the greater and less tubercles 74, 76. An anatomical neck 78 girdles the ball. The curve of 
the nail 10 permits its insertion through an aperture 80 between the ball and the greater 
tubercle at the top of the humerus, while permitting the shank 12 of the nail to follow the 
shape of the bone shaft 50. It is advantageous to avoid interfering with the articular surface, 
as that may diminish the patient's range of arm motion after treatment. 

To reduce stress concentrations that can cause post-operative fracture, the tip 30 is 
positioned well away from the most distal hole 48c. To further reduce stress at the tip, the 
ridge or crest 28 provides a slightly increased resistance to bone flexing of small amounts. 
The crest "absorbs" a tolerable level of stress, which essentially distributes that portion of the 
stress away from the tip. This increases the force the bone can withstand. The distance 
between the crest 28 and hole 48c is about 0.25 inch in the illustrated embodiment, and should 
be at least 3-10% of the rod length, or between about 1-2 times the rod diameter at the crest. 

The humeral shaft naturally includes a central portion filled with softer bone material. A 
narrowing of this central portion occurs at a diaphysis 82, which is at approximately the 
midpoint of the humerus, or about six inches from either end. The preferred six-inch length of 
the nail is selected to avoid interference with the diaphyis, although a longer nail may be 
employed with the narrowest nose portion passing throughout the diaphysis. In patients with 
differently sized bones, longer or shorter nails may be used. In general, it is preferred that the 
entire nail, or at least the wider portions thereof, be limited to less than or equal to half the 
length of an adult humerus, which is typically about twelve inches. 

Figure 4 shows a plurality of bone screws 84 installed to secure the nail 10 to the bone 
shaft 50, and to secure portions of the head 70 to the nail. The head will have typically been 
fractured into one or more fragments, often separating the ball from the other head portions, 
and from the shaft. Each screw has an outside thread diameter smaller than the diameter of 
the transverse hole that receives it, with each end of each screw engaging bone on opposite 
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sides of the nail. The screws within holes 46a-46c and 48a-48c prevent rotation or axial 
movement of the nail, and engage opposite sides of the typically unbroken shaft 50. The 
screws securing the head portion through holes 44a-44d secure head fragments on opposite 
sides of the nail. The predictability of fracture modes makes the orientation of holes in the 
illustrated embodiment suitable in most cases. If one hole for securing a fragment aligns with 
a structurally unsound area on the opposite side, another hole may be used. If no holes are 
ideally situated, the surgeon may slightly rotate the nail to achieve a more favorable alignment. 
It is preferred that the nail accommodate three or four screws at the proximal end, with each 
of the proximal screw holes occupying a different plane. 

The surgical implant procedure entails making an incision in the patient's shoulder above 
the humeral head to expose the head. An awl or reamer creates the aperture 80 at the 
anatomical neck 78, enabling the insertion of a broach having the same profile as the nail. The 
broach forms the bore 52 to a depth sufficient to receive the nail, but no deeper than 
necessary, thereby avoiding excessive disruption of tissue. The broach is then removed, and 
the nail is inserted. A drill guide jig is precisely registered with the notch 34, and includes drill 
guides that are thus aligned with the transverse holes. With the jig secured to the proximal 
end of the nail, a plurality of drill guides are registered with the holes in the implanted nail 
such that the drill bit may pass through the nail holes without contact.. Through each guide 
hole, a hole is drilled through the bone on either side of the nail hole. An incision may be 
made to facilitate entry of the drill through soft tissues surrounding the bone. The drilled hole 
should be small enough to firmly engage the screw threads, but large enough to avoid splitting 
of the bone. A clearance hole of larger diameter may also be drilled through only the near side 
of the bone to avoid engaging the screw threads. Consequently, compression is achieved by 
the engaging threads on the far side and the screw head on the near side. For additional 
securement of fragments, cannulated screws may be used to permit wires to be passed through 
the screws and wrapped about any unsecured fragments. 
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The illustrated humeral nail is manufactured by providing a titanium or stainless steel 
rod, turning it to the desired taper, and leaving an excess portion at the shank with an 
registration slot for aligning subsequent manufacturing operations. The nail is bent to the 
desired arc, then drilled with all transverse holes. The registration portion is cut away, and the 
butt portion finished, resulting in the desired length. Finally, the nail is given a suitable surface 
finish. 
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Although this description refers to a particular embodiment, the following claims are not 
intended to be so limited. 
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